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1. TINTRCDUCTION

This is the seventh in the series of Techniques Development Laboratory (TDL)
office notes which compare the performance of TDL's automated guidance fore-
casts with National Weather Service (¥WS) local forecasts made at Weather
Service Forecast Offices (WSFO's). The local forecasts, which are produced
subjectively, may or may not be based on the automated guidance. We present
verification statistics for the cool season months of October 1978 through
March 1979 for probability of precipitation, precipitation type, surface
wind, opaque sky cover, ceiling height, visibility, and maximum/minimum
(max/min) temperature.

The objective guidance is based on equations developed through the Model
Output Statistics (MOS) technique (Glahn and Lowry, 1972). We derived these
prediction equations by using archived surface observations and forecast
fields from the Limited=-area Fine Mesh (LFM) model (National Weather Service,
1971), the Trajectory (TJ) model (Reap, 1972), and/or the 6~layer coarse
mesh Primitive Equation (6LPE) model (Shuman and Hovermale, 1968), In oper-
ations, however, forecast fields from the LFM~II (Natiomal Weather Serwvice,
1977a) and the 7-layer PE (7LPE) model (National Weather Service, 1977b) are
employed in the MOS guidance equations when LFM or PE data, respectively,
are required. Unless indicated otherwise, we usually refer to MOS forecasts
based on the LFM-II as "early' guidance; "final" guidance indicates that the
objective forecasts were dependent on the 7LPE. Also, the‘observation times
of surface weather elements used as predictors in the early and final guidance
generally differ. ‘ v ‘

The local forecasts from the WS¥0's were collected by the Technical Pro-
cedures Branch of the Office of Meteorology and Oceanvgraphy for.the purposes
of the NWS combined aviation/public weather verification system (National
Weather Service, 1973). These forecasts were recorded for verification
according to the direction that thevy be "...not inconsistent with..." the
official weather prognosis. Surface observations as late as 2 hours before
the first valid forecast time may have been used in the preparation of the

local forecasts. We obtained the observed verification data from the National
Climatic Center in Asheville, Worth Carolina.

2. PROBABILITY OF PRECIPITATION (PoP)

The objective PoP forecasts were produced by the cool season prediction
equations described in Technical Procedures Bulletin No. 244 (Natiomal



Weather Service, 1978c). Guidance was available for the first, second, and
third periods, which correspond to 12-24 hours, 24-36 hours, and 36-48 hours,
respectively, after the model input data time (0000 or 1200 GMT). The pre-
dictors for the first period equations were forecast fields from the LFM-II
model and surface variables observed at the forecast site 3 hours after the
initial medel time. '

Both early and final objective guidance were produced for the second and
third periods while only early guidance was available for the first period.
All of the early automated forecasts were based on the LFM-II model forecasts.
The final guidance for the second period was based on fields from the LFM-II,
7LPE, and TJ models. Third period final guidance equations used 7LPE pre-
dictors eonly.

We verified the forecasts by computing the Brier score (Brier, 1950} for
the 87 stations shown in Table 2.1. Please note that we used the standard
NWS Brier score which is one-half the original score defined by Brier. Brier
scores will naturally wvary from one station to the next and from one year to
the next because of changes in the relative frequency of precipitation. There-
fore, we also computed the perceant improvement over climatology, that is,
the percent improvement of the Brier scores obtained from the local or guidance
forecasts over the Brier scores produced by climatic forecasts. The latter
are defined as relative frequencies of precipitation by month and by station
determined from a 15~vear sample (Jorgensen, 1967).

Table 2.2 shows the results for all 87 stationsﬁfofloooo GMT forecasts made
during the period October 1978 through March.1979. Tables 2.3 through 2.6
show scores for the NWS Eastern, Southern, Central, and Western Regiomns,
respectively; the second and third period verifications are a three-way
comparison between the early and final guidance, and the subjective local
forecasts. ' o .

A major result of this verification is that NWS forecasters were able to
improve upon the early guidance for only the first period. THe accuracy of
the second and third period early MOS guidance was about the same as that of
the local forecasts for all stations combined. When the scores for individual
regions were examined, we found the Western Region fqrecésters scored better
than the early guidance for both the second and third periods. 1In contrast,
the early MOS guidance was superior to the local forecasts for these periods
in the other three regious.

Another important result is that the early guidance continued to be more
accurate than the final guidance for both the second and third periods. ~ The
only exception to this occurred in the Western Region where the third period
final MOS forecasts were better than the early omnes. The superiority of
the early over the final guidance has increased since the last cool seascon
(Gilhousen et al., 1979).

Fig. 2.1 shows the tremnd since 1971 in the accuracy (expressed in terms
of percent improvement over climatology) of the first and third period Qooe
GMT PoP forecasts. During the 1978-79 cool season, the local forecasts



and the final guidance were more accurate for the first period than the pre-
vious season. Recall that starting with the cool season 1977-78 the final
and early guidance have been identical in the first pericd. For third
period forecasts, the local forecasts and the early guidance were more
accurate than the previous season, but the final guidance was less accurate.
Several "long term'" trends are evident. First, the accuracy of both
guidance and local forecasts has increased since ‘the 1973~74 winter season.
Secondly, as the 12-24 h MOS guidance has improved, the difference between
the guidance and the local forecasts has decreased. Note that results for
the 1975-76 season were unavailable because of missing data. In addition,

the 1977-78 scores for the third period were based on less than a full
season of data.

3. PRECIPITATICN TYPE

A new TDL system for predicting the conditional probability of precipitation
type (PoPT) (Bocchieri, 1979) was made operational within NWS in September
1978. This system evolved from the probability of frozen precipitation (PoF)
system (Glahn and Bocchieri, 1975; Bocchieri and Glahn, 1976; and National
Weather Service, 1976) which became operational in November 1972. The PoPT
forecasts replaced the PoF forecasts in the MOS early guidance FOUS12 bulletin
(National Weather Service, 1978b); the PoF forecasts remain unchanged on the
final guidance FOUS22 bulletin.

The PoPT system gives conditional probability forecasts for three precipit-
ation type categories: frozen (smow or ice pellets), freezing (freezing rain
or drizzle), and liquid (rain). Precipitation in the form of mixed snow and
ice pellets is included in the frozen category; all other mixed precipitation
types are included in the liquid category. Here, the frozen, freezing, and
liquid categories will be referred to as simply snow, freezinhg rain, and
rain, respectively. The main difference between the PoPT and PoF gystems is
that freezing rain forecasts aren't explicitly available in PoF, that_is,
freezing rain is considered as rain in PoF. Another difference is that the
PoPT forecasts are transformed so that a ''best category' is also provided
operationally; in PoF, a categorical forecast isa't available.

In the NWS verification, local categorical forecasts of. precipitation type
made at about 1000 GMT are recorded for the valid times 1800 GMT (today),
0600 GMT (tonight), and 1800 GMT (tomorrow). Note that this is a conditional
forecast, that is, a forecast of type of precipitation if precipitation oecurs.
Therefore, a precipitation type forecast is always recorded. The PoPT and PoF
guidance forecasts are also conditional and are available whether or not
precipitation occurs.

Table 3.1 lists the 62 stations used in this verification. We included
only cases when precipitation actually occurred. We were concerned that
the forecasters may not have put much effort into making the conditional
forecasts when they considered precipitation to be unlikely. Therefore,
in order to isolate those situaticns when the forecaster thought precipit-
ation a definite possibility, we used only the cases when the local PoP
was > 30%Z. The PoPs were valid for the 12-h periods centered on the 18-,
30-, and 42-h projections used in the verificarion.



Tablie 3.2 shows comparative verification results between the early PoPT
guidance and the local forecasts for the snow, freezing rain, and rain
categories. The manner in which the guidance "best category' 1s calculated
is deseribed in Boechieri (1979). It should be noted that this was the first
season for which freezing rain forecasts were verified. The biasl for the
freezing rain category is not shown in the regional breakdown because there
weren't enough cases to be meaningful. The results, for all stations combined,
indicate that: (L) the guidance was slightly better than the local forecasts
for percent correct and skill score? for the 18-h projection; however, this
advantage decreased with increasing projection so that at 42 hours there was
little difference between the two; (2} both the guidance and local forecasts
slightly overforecast the snow event except at the 18-h projection when the
bias for both systems was near 1.00; and (3) the guidance tended to overfore-
cast freezing rain for the 30- and 42-h projections, while the locals over=-
forecasted freezing rain at the 18-h projection but comsiderably underfore-
casted this event at the 30- and 42-h projections.

The percent correct and skill scores were very high because the sample in-
cluded many "obvious" forecasts. For instance, on some days in the southern
states, precipitation, if it occurred, would obwvicusly be rain. In order
to isolate some of the more difficult forecasting situations, we looked at
the cases in which the guidance and locals differed. Again we used only
those cases for which local PoPs were > 30%. Table 3.3 gives the results.
In general, the guidance was correct 51% to 56% of the time, and the locals
were correct about 40% of the time.

In order to do a comparative verification ameng the early PoPT guidance,
the final PoF guidance, and the locals, and to compare’scorés from the 1978~
79 season to previous seasons, we also verified two categories of precip type:
snow and rain. In this verification, freezing rain was included in the rain
category. A PoF categorical forecast of snow was defined as 'a PoF > 50%.
In the PoPT system, categorical forecasts of snow were availablé operation-
ally. In Table 3.4, the verification results, for all stations combined,
indicate that: (1) the early guidance was generally better than the final
guidance and the local forecasts for all scores and proiections; and {(2)

the final guidance was generally better than the local forecasts except in
terms of bias. . g

The skill scores of the guidance and local forecasts for 6 seasons are shown
in Fig. 3.1. Only the 18- and 42-h verification results are presented. Note
that some changes in the verification procedure took place during theses 6
vears. First, the number of stations changed from approximately 90 for the
first 2 years to approximately 60 afterwards. Secoundly, starting with the
1975-76 season, we used only cases when the local PoP was 30% or greater in

. The bias is the number of forecasts of an event divided by the number of

observed events.

2 The skill score used throughout this paper is the Heidke skill score
(Panofsky and Briexr, 19653).



?Fder to isolate those cases when the forecaster would have been more con~
fident that precipitation was to occur. Third, starting in the 1976-77 season
we verified the early PoF guidance for the 18-h projection. Finally, in the ’
1978-79 season, the early PoF system was replaced by the PoPT system’ and the
PoPT forecasts were verified for both the 18~ and 42-h projections. ’

The results indicate that the guidance was consistently better over the
6 years except during the 1977-78 season when guidance and local forecasts
scored the same at the 18-h projection. There was definite improvement,
especially for the locals, over the span of the first 4 years. However,
the skill of the guidance and locals generally decreased during the last
2 seasons. The observed deterioration of the skill score could have been
caused in part by model changes at NMC. The final guidance equations were
developed using SLPE model output, but have been drivem by 7LPE model output
since January 1378. The early guidance equations operational during 1977-78
were based on LIM model output, but were driven by the LFMII model. By the
1978~79 season we were able to include some LFMIT model output in the develop-
ment of the new early guidance equations., This may account for the fact that

the early guidance skill remained unchanged in the face of the otherwise
general decrease in skill.

4. SURFACE WIND

The objective wind forecasts were generated by early and final guidance
equations valid for the cool season (see National Weather Service, 1979).
The definition of the objective surface wind forecast is the same as that of
the observed wind: the one-minute average direction and speed for a specific
time. Operationally, the early guidance was based on output from the LFM-IT
model, while the final guidance relied on 7LPE model forecasts. The sine and
cosine of the day of the year also were used as predictors in both sets of
guidance equations.

Since the local forecasts were recorded as calm if the wind speed was ex-
pected to be less than 8 knots, we verified the wind forecasts in tWOo- ways.
First, for all cases where both the local and guidance (early and final)
wind speed forecasts were at least 8§ knots, the mean absolute error (MAE) of
speed was computed. Secondly, for all cases where both local and guidance
forecasts were available, skill score, percent correct, and bias by category
(i.e., the number of forecasts in a particular category' divided by the number
of observations in that category) were computed from contingency tables of
wind speed. The seven categovies were: less than 8, 8-12, 13-17, 18-22,
23-27, 28-32, and greater than 32 knots. Table 4.1 lists the 94 stations
used in the verification. Tables 4.2 - 4.12 show comparative verification
scores (0000 GMT cycle only) for 18-, 30-, and 42-h projections. Note that
all the objective forecasts of wind speed were adjusted by an "inflation"
equation (Klein et al., 1959) involving the multiple correlation coefficient
and mean value of wind speed for a particular station and forecast valid time.

The results for all 94 stations combined are shown in Tables 4.2 and 4.3.
The MAE scores for direction show that the guidance==particularly the early
~-was considerably better than the local forecasts. The speed MAE's, skill
scores, and percents correct also were better for rhe guidance. TIn addition,
the early guidance scores were superior to those for the final guidance.
Note, however, that the biases by category in Table 4.2 and the contingency
tables in Table 4.3 indicate that both types of guidance znd the local fore-
casts tended to underestimate winds stronger than 17 knots (i.e., categories
4, 5, 6, and 7).



Tables 4.4 - 4,7 show scores for the NWS Eastern, Southern, Central, and
Western Regions, respectively. The regional values have the same general
characteristics as those overall, except the magnitude of the advantage for
the guidance over the local forecasts varied from region to region. However,
the Western Region scores for wind speed in Table 4.7 indicate that the 18-h local
forecasts were as good as the early guidance and slightly better than the final
guidance. Also, for the Western Region, the 30- and 42-h final guidance speed
forecasts were slightly better than those for the early guildance.

Table 4.8 shows the distribution of wind direction absolute errors by
categories-=0-30°, 40-60°, 70-90°, 100~120°, 130-150°, and 160-180°--for all
94 stations combined. Here, for the 18-h projection, we see that the early
guidance had about 6% fewer errors of 40° or more than did the local fore-
casts. The final guidance was also superior to the local forecasts in this
respect with approximately 3% fewer errors for the same projection. The
comparable improvements were 8% and 4%, respectively, for the 30-h projection,
and 12% and 7%, respectively, for the 42-h projection.

Distribution of direction errors for the individual regions are given in
Tables 4.9 = 4.12. In general, these results are like those in Table 4.8
except, once again, the magnitude of the advantage for the guidance over
local forecasts differs from region to region. Here, the results for the
Western Region (Table 4.12) show the superiority of the local forecasts over
the final guidance for the 42-h projection.

A comparison of the overall MAE's and skill scores for the past 6 cool
seasons for 18~ and 42-h guidance and local forecasts is presented in Figs.
4,1 = 4.4, In general, the verification data throughout this period were
homogeneous, with the exception that the cool season of 1973-74 did not in-
clude the month of October. Though the number of statiomns varied slightly
from season to season, the same basic set of verification stations were used.
Early guidance scores were available for only the cool seasons of 1976-77,
1977-78, and 1978-79 for the 18-h projection, and 1978-79 for the 42-h pro-
jection.

The MAE's for direction are shown in ¥ig. 4.1. Except' for a slight increase
in some of the MAE's during 1977-78 cool season, when new forecast models
were put into operation, the final guidance and local forecasts for both
projections steadily improved over the span of these 6 seasons.

In contrast, the MAE's in Fig. 4.2 indicate a decrease in accuracy for the
final guidance speed forecasts between the 1974~75 and 1975-76 cool seasons
when inflation was introduced. We knew that the inflation technique would
have this effect; however, the bilas values shown in Table 4.2 are somewhat
closer to 1.0 compared to the bias values in previous cool season surface
wind verifications (Carter and Hollenbaugh, 1975). Even so, the MAE's for
the guidance are still generally as good as, or better than, those for the
local forecasts.

Fig. 4.3 is a comparison of guidance and local skill scores computed on
five (instead of seven) categories; the fifth category included all speeds
greater than 22 knots. For the first time, the skill scores for the 18-h



final guidance and local forecasts were identical, and the skill scores of
the 42-h forecasts were nearly the same. The 18-h early guidance forecasts,
although declining in skill from last cool season, remained superior to the
final guidance and local forecasts. Also, the 42-h early forecasts were
considerably better than the locals and final guidance at that projection.

Fig. 4.4 depicts a comparison of guidance and local skill scores computed
on two categories; the first category contained all speeds less than or equal
to 22 knots, while the second category included speeds greater than 22 knots.
In this manner, we attempted to directly assess the skill of the guidance and
local forecasts in regard to predicting strong winds. Similar to the results
in Fig. 4.3, the skill of the final guidance for the 18- and 42-h projections
increased during the first 5 years, but decreased this past cool season. In
contrast, the local forecasts for the 42-h projection showed very little
improvement throughout the & year period.

The 18~ and 42~h early guidance MAE's and skill scores in Figs. 4.1 - 4.3
generally indicate the superiority of the early over the final guidance. This
is quite encouraging because the early guidance is now the only source of de-
talled surface wind guidance available to NWS field forecasters prior to
issuance of the public weather forecast.

5. OPAQUE SKY COVER

The operational prediction equation set was unchanged for the 1978-79 cool
season. The early guidance set uses LFM-II model output and 0300 (1500) GMT
surface observations to produce forecasts at 6 hour intervals from & to 48
hours after 0000 (1200) GMT. The final set uses LFM-II and 7LPE model output
and 0600 (1800) GMT surface observations to produce forecasts at 6~hour in=-
tervals from 12 to 48 hours after 0000 {(1200) GMT.

The regionalized equations produce probability forecasts of four categories
of opaque sky cover, more commonly known as cloud amount, as shown in Table
5.1. For both the early and final guidance packages, we,gonveft the prob-
ability estimates to a single 'best category" forecast in a2 manner which pro-
duces good bias characteristics, that is, a bias value of approximately 1.0
for each category. For more details about our cloud amount forecast system,
see Technical Procedures Bulletin No. 234 (National Weathex Service, 1978a).

We compared the local forecasts at the 94 stations listed in Table 3.1 with
a matched sample of early and final objective forecasts. The comparison was
conducted for 18-, 30~, and 42-h forecasts from the 0000 GMT cycle only. The
local forecasts and the surface observations used for verification were con-
verted from opaque sky cover amount te the categories in Table 5.1. Four-
category, forecast-observed contingency tables were prepared from the trans-
formed local and best-category objective predictions. Using these tables,
we computed the percent correct, Heidke skill score, and bias by category.

The results for all stations combined are shown in Table 5.2, There was
only a slight difference in the scores for the guidance forecasts. Clearly,



in terms of the percent correct and skill scores, both the early and final
guidance were superior to the local forecasts at all projections. Also, the
bias-by~category scores of the guidance forecasts were better (closer to 1.0)
than those of the local forecasts which exhibited a strong tendency to over-—
forecast the scattered and broken categories.

The verification scores for stations in the NWS Eastern, Southern, Central,
and Western Regions are given in Tables 5.3 through 5.6, respectively. In
each case the difference in the performance of the early and final guidance
was slight at all projections. The Western Region at the 18~h projection
provided the only instance where the skill of the local forecasts exceeded
that of the guidance. The bias scores for the local forecasts in the regional
breakdown show that the general tendency to overforecast scattered and broken
conditions occured in all regions.

The percent correct and skill scores over the past 5 cool seasons are shown
in Pigs. 5.1 and 5.2, respectively, for the 18~ and 42-h projectiomns. These
figures show that the guidance has improved siightly with time and that the
relative superiority of the guidance over the local forecasts is increasing.

Figs. 5.3 and 5.4 show the biases for categories 1 and 2, respectively, for
the 18- and 42-h projections. These figures show that the bias characteristics
of the guidance have remained superior to those of the local forecasts. The
local forecasts underforecast the clear category {(category 1) and overfore-
cast the scattered category (category 2).

6. CEILINRG AND VISIBILITY

For the 1978~79 cool season, we used. the ceiling and visibility prediction
equations from the previous cool season. Operationally, the early guidance
set is driven by LFM-II model output and uses 0300 (1500) GMT surface obser—
vations. The final guidance set uses both LFM-II and 7LPE model-output and
the 0600 (1800) GMT surface observations. The early guidance consists of
forecasts at 6-h intervals from 6 to 48 hours after cycle timé; the final
guidance, from 12 to 48 hours after cycle time. Tor details concerning
the ceiling and wvisibility forecast system see Technical Procedures Bulletin
No. 234 (National Weather Service, 1978a).

OQur ceiling and visibility verification procedure continues to track the
performance of a number of scores for both subjective local forecasts and
objective guidance forecasts. In each case a persistence observation (taken
at 0900 GMT for the 0000 GMT cycle and at 2100 or 2200 GMT for the 1200 GMT
cycle) provides a comparison. Early and final guidance forecasts are verified
for both cycles at the 12—, 18-, 24—, 36—, and 48-h projections and local fore-
casts for 12-, 15-, and 21-h projections. The guldance and the persistemnce
observation are usually available to the local forecaster.

We constructed six-category (Table 6.1) forecast-observed contingency tables
for all the forecasts involved in the comparative verification. These categories
were then used for computing several different scores: bias-by-category, per-—
cent correct, and Heidke skill score. We then collapsed the tables fto two



categories (categories 1 and 2 combined versus categories 3 through 6 combined)
and calculated the bias and threat score for categories 1 and 2 combined and
the Heidke skill score and percent correct for the reduced tables. We have
summarized the results in Tables 6.2 - 6.9. The Heidke skill score and bias

for categories 1 and 2 combined are also given in Tables 6.10 - 6.17 for the
last 4 cool seasons.

Tables 6.2 - 6.5 present the results for the six-category ceiling and visi-
bility forecasts for all 94 stations (see Table 3.1) combined and Tables 6.6 =
6.9 provide scores for categories 1 and 2 combined (i.e. ceilings less than
500 feet and visibilities less than 1 mile). Note that the six-category
guidance was usually more skillful than persistence for projections beyond
the 12-h projection (the exception was for the 18-h projection for visibility
during the 1200 GMT cycle). The two-category skill scores show that the early
guidance was generally poorer than persistence at the 18-h projection. The
skill of local forecasts for both the six- and two-category tables exceeded
that of the guidance at the 12-h projection, but never exceeded the skill of
persistence (which is available to the local forecaster) for that projection.
At the 15- and 21-h projections, the six-category skill of the locals was
greater than that of persistence except for visibility at 15-h from the 1200
GMT cycle. The skill scores from the two-category tables show that the locals
failed to beat persistence at 15- and 21-h for ceiling forecasts from the
0000 GMT cycle. Also, at the 12-h projection, final guidance, which uses
the 0600 (1800) GMT surface observation, was consistently more skillful than
early guidance, which uses the 0300 (1500) GMT surface observations. These
results reflect the well-known decay with time in skill of forecasts made
from the latest observation. We note little difference in Sklll between the
early and final guidance at the longer projections.

The purpose of using the threshold probability technique to select_the
"best'" category for ceiling and visibility was to improve the bias character-
istics of the guidance forecasts. The bias-by-category scores show that for
most projections the guidance had better bias scores than either the local
or persistence forecasts. The biases of the 36-h persistence forecasts
(actually a 27-h projection) should be as good as those of 12-h persistence
(actually a 3-h projection). Tables 6.2 - 6.9 show this to be true.

Tables 6.10 through 6.13 present the Heidke skill scores computed from two-
category contingency tables and Tables 6.14 through 6.17, the bias of cate-
gories 1 and 2 combined for the last 4 cool seasons. Figs. 6.1 - 6.7 present
selected portions of these data for the 0000 GMT cycle for projections of
12, 15, 18, and 21 hours. The sample size for the 1976-77 cool season was
relatively small (Feb. 8 - March 31) which may be a contributing factor to
the flucuations in most of the graphs for that season. In general, these
data show that the guidance bias characteristics for the difficult-to-forecast
low categories have improved with the adoption of the threshold technique
during the 1976-77 cool season. At the same time, the skill scores for the

guidance have improved slightly over those of 1975-76, but exhibit wvariation
from year to year.



7. MAX/MIN TEMPERATURE

The objective max/min guidance for the October 1978 through March 1979 cool
season was produced by several different sets of seasonal regression equations.
However, the predictand for both the early and final guidance was the local
calendar day max or min valid approximately 24, 36, 48, or 60 hours after
initial model time (0000 GMT or 1200 GMI). The final guidance was based on
equations developed by stratifying archived 6LPE and TJ model output, station
observations, and the first two harmonics of the day of the year into seasons
of 3-month duration (Hammons et al., 1976). We used fall (September-November),
winter (December-February), and spring (March-May) equations to produce the
final guidance during the appropriate months of the 1978-79 cool season.
Operationally, the equations employed output from the 7LPE and the TJ models
as predictors. Station observations available 6 hours after the initial model
time also were included in the final guidance equations for the first two
projections.

In contrast, the early guidance system depended on new prediction equations
(Carter et al., 1978) derived from LFM model output, station observations
available 3 hours after initial model time, and the first two harmonics of
the day of the year. This was the first cool season in which LFM-derived
equations were available for 3-month seasons: fall (October-December) and
winter (January-March). For the remaining projections, however, data were
sufficient only for 6-month season equations. Thus, to produce the early
guidance for the second, third, and fourth projections, we used cool season
(October-March) equations. In operations, forecast fields from the LFM-II
were employed as predictors in the LFM-derived equations. . Surface observations
at 3 hours after the initial model time were included a$s 1nput for many of the
forecast equations for the first two periods. N

The objective guidance--both early and final—is available on the FOUS22
teletype bulletin while the local forecasts are on the FPUS4 teletype
message. As mentioned earlier, the automated max/min forecasts refer to the
24-h interval of the local calendar day. Thus, for example, the first period
objective forecasts of the max based on 0000 GMT model data (Day 1) is valid
for the calendar day that starts before 1200 GMT (Day 1) and ends after 0000
GMT the following day (Day 2). However, the valid period'of the local max/
min forecast does not correspond to the calendar day. Rather, the local fore-
caster predicts a max for the 1200 to 0000 GMT interval and a min that is
generally valid from 0000 to 1200 GMT. This latter time, however, is extended
to 1800 GMT for forecasters in the Western Region and for many others in the
western parts of the Central and Southern Regions. Hence, caution is necessary
in comparing verification scores for the local forecasts and the objective
guidance.

We verified local and objective forecasts from the 0000 GMT cycle, using
calendar day max and min obtained from the National Climatic Center as the
verifying observations. Mean algebraic error (forecast minus observed tem-
perature), mean absolute error, and the number of absolute errors greater
than 10°F were computed for 87 stations (Table 2.1) in the conterminous
United States. TFour forecast projections of approximately 24 (max), 36 (min),
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48 (max), and 60 (min) hours after 0000 GMT were verified.

Verification results are shown in Table 7.1 for all stations combined. For
the two projections of the max, the early guidance had a mean algebraic error
of 0.0°F while the final guidance tended towards a cold bias (algebraic error
< 0.0°F). 1In contrast, both the early and final min guidance were too warm
(algebraic error > 0.0°F). Note that the local forecasts exhibited the same
type of algebraic errors as the MOS guidance; for all projections, however,
the local bias was more pronounced.

At all projections but the last, the early guidance was more accurate than
the final in terms of mean absolute error. This was a dramatic reversal from
the 1977-78 cool season (Gilhousen et al., 1979) when the final was consistently
better than the early guidance. Even in the last projection, the early guid-
ance was only 0.1°F less accurate in mean absolute error than the final. We
believe that the new LFM~-derived equations (Carter et al., 1978) were the
primary cause for the improvement in the early guidance. Unfortunately, there
was also a serious error in the 7LPE-based TJ model which contaminated the
final guidance during December, January, and February. We're unable to esti-
mate the amount of deterioration that this caused. Note that there were only
small differences in the accuracy of the local forecasts and the early guidance.
While the local forecasts improved on the early guidance by 0.1°F mean absolute
error in three of the four projections, for the 36-h min the early guidance
actually had fewer large absolute errors (> 10.0°F) than the local forecasters.

It is of some interest .to compare the accuracy of this year's forecasts
with that of the 1977-78 cool season (Gilhousen et al., 1979). For the max
forecasts, the local and the early guidance for the 1978-79 season had nearly
the same mean absolute errors as the local and final guidance of last season.
In contrast, however, this year's local and early forecasts of the min were
noticeably (0 3°F mean absolute error) less accurate than were the ‘locals and
final guidance for last season. Natural variability in meteorological con-
ditions and, consequently, in the difficulty of forecasting the min would
seem to explain this deterioration. We also examined verification scores for
the Eastern, Southern, Central, and Western Regions (Tables 7.2 - 7.5, respec—
tively). The improvement of the early guidance relative to the final guidance
was generally evident on a regional basis. For both the.Eastern and Southern
Regions, in terms of mean absolute error, the early guldance was as accurate
as, or more accurate than, the final guidance for all four projections. In
the Central Region, the mean absolute error of the early guidance was less
than that of the final guidance at all projections but the last. Finally,
even in the Western Region, the early guidance was as accurate as the final
for the 36- and 48-h projections. For the remaining two projections, the
differences between the early and final guidance were small. This contrasts
sharply with the 1977-78 cool season (Gilhousen et al., 1979) when the early
guidance in the Western Region was quite inferior to the final guidance at
all projections. Finally, both sets of objective guidance had a warm bias
in the Western Region at all projectioms.

The accuracy of the local forecasts relative to the objective guidance also

varied from region to region. In the Eastern and Southern Regions, there
were only small differences in mean absolute error between the early guidance
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and the local forecasts. In contrast, on the basis of mean absolute errors,
forecasters in the Central Region improved over the early guidance in all
projections, though the margins were generally small. Finally, the Western
Region forecasters were more accurate than either the early or final guidance
for both the 24- and 48-h max. For the 36-h min, however, the early guidance
had a smaller mean absolute error (by 0.2°F) than the local forecasts.

The mean absolute errors (0000 GMT cycle only) during the last 8 cool
seasons are given in Fig. 7.1 for the max forecasts. For both the local
forecasts and the final guidance, there has been an overall increase in
accuracy since the 1971-72 cool season. The greatest improvement in the
objective guidance occurred in the 1973-74 cool season when we implemented
the first MOS forecast equations which were based on 6-month seasons (Klein
and Hammons, 1975). Note, too, that the difference in skill between the
local forecasts and the final guidance has remained relatively constant
since the 1973-74 cool season; however, the introduction of LFM-derived
early guidance in the 1978-79 cool season narrowed the gap between the local
forecasts and the guidance.

An analagous time series is shown in Fig. 7.2 for the min forecasts.
Verifications for the 60-h projection are available only for the last 2
seasons. For the 36-h projection, there has been an overall improvement
in the objective guidance since the 1971-72 cool season. It is difficult
to discern a corresponding trend in the accuracy of the local forecasts.

As we mentioned earlier, natural variability and the difficulty of predicting
the min is important in understanding these curves. Unlike the max, however,
the objective min guidance showed its greatest improvement in the 1975-76
cool season when we switched from 6-month to 3-month MOS forecast equations
(Hammons et al., 1976). Note that for both the 36- and 60-h projections,

the local forecasters and the objective guidance have approximately the same
level of skill.

8. CONCLUSIONS

TDL's aviation/public weather guidance forecasts, as measured by the wvarious
scores used in this ongoing verification program, continue to compare favor-
ably with local forecasts produced at WSFO's. For PoP forecasts, the NWS
forecasters outperformed the early guidance only in the first period. Also,
early guidance PoP forecasts continued to be more accuraté than the final
for both the second and third periods (except the third périod in the Western
Region). Finally, "long term" trends show that both guidance and local PoP
forecasts are improving, with the guidance improving at a slightly faster rate
than the locals in the first period.

There was a major change in the precipitation type forecasting system with
PoPT forecasts replacing PoF in the early guidance. Overall, in bias, per-
cent correct, and skill score the guidance continued to perform as well as or
slightly better than the locals at all projections. The skill of both the
guidance and local forecasts of frozen precipitation generally exhibited
a downward trend over the past two years, except that the skill of the 18-h
early guidance remained level in the face of this general downward trend.

For the surface wind forecasts, the performance of the MOS guidance (as

measured by various scores) for all stations combined continued to exceed
that of the locals. Also, the early guidance outperformed the final guidance.
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However, on a regional basis, the results showed the Western Region fore-
casters were able to improve on the guidance in many cases. Trends show that
the MAE for direction has improved steadily, while MAE for speed jumped in
the 1975~76 cool season due to the use of the inflation procedure. This
technique, however, did produce better bias characteristics for the guldance.
Five-category wind speed results show that the skill of the local forecasts
was approximately equal to the skill of the final guidance. In contrast, the
early guidance was considerably better than the local forecasts. We note a
decline in the skill of both the two-category and five-category during the
past two cool seascns. However, overall, the skill of the guidance still
axceeded that of the locals.

The various performance measures show that both the early and final opaque
sky cover guidance forecasts were more accurate than the local forecasts.
Early and final guidance performed equally well at the 3 projections examined.
The bias characteristics of the guidance were better than the local forecasts
which tended to overforecast scattered and broken conditions. The trend
showed an improvement in the guidance at both the 18- and 42-h projections.

A direct comparison between local, MOS guidance, and persistence forecasts
for ceiling and visibility was possible only at the 12-h projection. At this
projection, the local forecasts were more skillful than the guidance, but in
both the two- and six-—category comparison, persistence was more skillful than
the local forecasts. The long term trend generally shows a disappointing de-
crease of skill in forecasting low conditions for both early and final guid-
ance, especially pronounced at the .36~ and 48~h projections. The bias
characteristics of the guidance continued to be generally better than those
of the locals in the lower categories where the local forecasts underforecast
the occurrence of these events.

Finally, for max/min temperature, new early guidance equations were imple~
mented during the 1978~79 cool season. As a result, the early max/min guid-
ance was more accurate than the final at the first three projections. For
the 60-h min forecast, however, the final guidance had lower mean absolute
errors. These trends were generally evident in the four NWS regions. dis-
cussed in this report. Though comparisons between.the objective guidance
and the local forecasts of the max/min are difficult to make because of the
different forecast periods involved, we found that the local forecasts of
the max valid approximately 24~ and 48-h after 0000 GMI were slightly more
accurate in mean absolute error than the objective guidance. The min is
particularly difficult to predict during the cool season, and in fact, there
was little or no difference in mean absolute error between the guidance and
local forecasts for the 36— and 60-h min.
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Table 2.1.

S

Eighty-seven stations used for comparative verification of

guidance and  local FoP and max/min temperature forecasts.

AVL
RDU
ORF
PHL
RIC
DCA
CRW
CHS
CLT
CAE
LGA
BUF
ALB
BOS
EDL
BTV
P
PVD
SYR
CLE

BWI
ACY
cvG
DAY
PIT
ICT
MCI

STL

MXE

SsH .

.DLH
TAR
MSP
nsM
OMA

. FSD

DEN
BIS
Cis
LBF
BNA
TOP

Asheville, North Carolina

Raleigh~Durham, North Carolina

Worfolk, Virginia
Philadelphia, Pennsylvania
Richmond, Virginia
Washington, D.C.
Charleston, West Virginia
Charleston, South Carolina
Charlotte, North Carolina
Columbia, South Caroclina

New York {(Laguardia), New York

Buffalo, New York
Albany, New York

.Boston, Massachusetts

Hartford, Connecticut
Burlington, Vermont
Portland, Maine
Providence, Rhode Island
Syracuse, New York
Cleveland, Ohio

Columbus, Chio

Baltimore, Maryland
Atlantic City, New Jersey
Cincinnatti, Ohio

~Dayton, Ohio

Pittsburgh, Pennsylvania
Wichita, Kansas

Ransas City, Missouri.

St. Louis, Missouri
Chicago (Midway), Illinois
Milwauvkee, Wisconsin

Sault Ste Marie, Michigan

-Duluth, Minnesota

Fargo, North Dakota
Minneapolis, Minnesota
Des Mcoines, Iowa
Omaha, Nebraska

Sioux Falls, South Dakota
Denver, Colorado
Bismarck, North Dakota
Cheyenne, Wyoming
North Platte, Nebraska
Nashville, Tennessee
Topeka, Kansas

DFW
JAN
MIA
ORL
TPA
MSY
BRO
SAT
IAY
ATL
BHM
JAX
MEM
SHV
AUS
LIT
OKC

ELP

ABQ
FLG
TUS
LAS

RNO
SAN
SFO
BIL
SLC
BOI
HLN
GEG
PDX
SEA
CPR

IND
SDF
DTW
PHX
GIF

Ft. Worth, Texas
Jackson, Mississippi
Miami, Flerida

Orlando, Florida

Tampa, Florida

New Orleans, Louisiana
Brownsville, Texas

San Antonio, Texas
Houston, Texas

Atlanta, Georgia
Birmingham, Alabama
Jacksonville, Florida
Memphis, Tennessee
Shreveport, Loulsiana
Austin, Texas

Little Rock, Arkansas
Oklahoma City, Oklahoma
Tulsa, Oklahoma
HMidland, Toons

El Paso, Texas
Amarillo, Texas
Albuquerque, New Mexico
Flagstaff, Arizona
Tucson, Arizona

Las Vegas, Nevada

Los Angeles, California
Renc, Nevada o
San Diego, Califernia,
San Francisco, Califormia
Billings, Montana

Salt Lake. City, Utah
Boise, Idaho

Helena, Montana
Spokane, Washington
Portland, Oregon
Seattle~Tacoma, Washington
Casper, Wycming

‘Rapid City, South Dakota

Indianapolis, Indlana
Louisville, Kentucky
Detrelt, Michigan
Phoenix, Arizona
Great Falls, Montana
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Table 3- l-

Sixty-two stations used for comparative verification of guidance and
local precipitation type forecasts.

P
BTV
BOS
PVD
BUF
SYR
ALB
PIT
PHL
CLE
CMH
CRW
DCA
ORF

CLT
CAE
ATL
MIA
JAX
BHM
MEM
JAN
MSY
SHV

SAT
DFW
ELP
LIT

Portland, Maine
Burlington, Vermont
Boston, Massachusetts
Providence, Rhode Island
Buffalo, New York
Syracuse, New York
Albany, New York
Pittrsburgh, Pennsylvania
Philadelphia, Pennsvlvania
Cleveland, Ohio
Columbus, Ohio

Charleston, West Virginia

Washington, D.C.

"Norfolk, Virginia

Raleigh-Durham, North Caroclina

Charlotte, North Carolina
Columbia, South Carolina
Atlanta, Georgia

Miami, Florida
Jacksonville, Florida
Birmingham, Alabama
Memphis, Tennessee
Jackson, Mississippi
New Orleans, Louisiana
Shreveport, Louilsiana
Houston, Texas

San Antonio, Texas

Fort Worth, Texas

E1l Paso, Texas

Little Rock, Arkansas
Tulsa, Oklahoma

OKC
ABQ
GTF
DTW
IND
SDF
MKE
STL
MCI
TOP
DEN
CYS
BIS
FAR
RAP
FSD
OMA
MSP
DSM
FLG
PHX
SLC
LAS
RNO
SAN
LAX
SFO
PDX
SEA
GEG
BOI

Oklahoma City, Oklahoma
AXbuquerque, New Mexico
Great Falls, Montana
Detroit, Michigan
Indianapolis, Indians
Louisville, Kentucky
Milvvaukee, Wisconrsin

St. Louis, Missouri
Kansas City, Missouri
Topeka, Kansas

Denver, Colorado
Cheyenne, Wyoming
Bismarck, North Dakota
Fargo, North Dakota
Rapid City, South Dakota
Sioux Falls, South Dakota
Omaha, Nebraska
Minneapolis, Minnesota
Des Moines, Iowa
Flagstaff, Arizon:z
Phoenix, Arizona

Salt Lake City, Utah

Las Vegas, Nevada

Reno, Nevada

San Diego, California
Los Angeles, California
San Francisco, California
Portland, Oregon

‘Seattle (Tacoma), Washington

Spokaﬁeﬂ Washington
Boise,’ Idaho
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Table 3.2. Comparative verification of early PoPT guidance and local forecasts by NWS
Region, 0000 GMT cycle. Only cases when local PoP was > 30% are included.

] Bias
Projection Region Type of Percent Skill Number
(h) Fest. Freezing Correct Score of
, Snow Rain Rain Cases
Early 1.07 —_ .94 91 .82 373
ERBLEELH: Lot 1.03 - .97 90 .81
Early .72 - 1.03 94 .78
' Southern Lazal .60 == 1.04 93 w13 164
18
Early . 1.04 - .98 89 W27
Central = 79 1.03 - .93 85 .70 s
Early .95 - 1.04 91 .83 162
Western HEE, .90 - 1.11 90 .79
All Early .02 1.00 - .99 91 .82 954
Stations . Local .98 1.38 1.00 89 .79
. Early 1.08 - .94 85 .74
East
S Local | 1.05 = .99 86 .73 B
Early 1.08 - 1.00 89 .50 "
Southern Local 128 - .98 88 <51 Lol
30 S
' Early 1.03 - .89 86 ' wiB
Gomsral Local .11 - .86 84 - .68 a2
Viesfern Early 1.04 e .98 91 £82 ’ 148
Local 1.09 - .96 . 87 s 274
All Early 1.05  1.11 .95 87 .76 934
Stations Local 1.09 .68 .96 86 .- .74
, Early 5l - .84 ‘83 .68
E 3
SRS Local Leild - .93 86 72 e
Early. .94 - 107 92 67 .
Southern Local .65 - 1.05 87 T 122
42
Early 1.10 e .85 85 .69 240
Central Toeal 1.06 - .98 85 .69
Early Y.13 - .93 89 - 77
Western Local 1.08 - .98 90 .79 =
ALl Early 1.10  1.50 .90 86 8 867
Stations Local 1.06 .55 .98 86 - .73
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Table 3.3 Comparative verification of early PoPT guidance
and local forecasts, 0000 GMT cycle.
which the locals and guidance differed, and the local PoP

was > 307 were included.

Only those cases in

Projection Type of Percent Number
(h) Forecast Correct of Cases
18 Local 3 %0
30 Local 2 104
42 Local 3 50
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Table 3.4 Comparative verification of early PoPT guidance, final PoF guidance, and local
forecasts by NWS Region, 0000 GMT cycle. Only cascs when local PoP was > 30% were

included.
Number
Prognction Regien Tgpe of Bias Percent Skill of
, h) cst Snow Rain Correct Score, Cases
\
Early 1.07 .95 93 .86
Eastern Final Led4 .80 92 .84 373
Local 1.03 .98 91 .83
Early .72 1.05 96 .81
Southern Final . 80 1.04 91 .61 164
Local .60 3.07 94 .72
18
Early 1.04 .93 91 .81
Central Final 1.12 .80 89 V1D 255 #
, _ - 1.03 .95 88 74
Early +95 1.05 93 .85
Western Final 1.04 .96 92 .84 162
Local .90 1.09 90 .80
All Early 1.02 .99 93 .86
s Stations Final 1.09 .93 91 .82 954
Local .98 1.02 91 .81
Early 1.08 .94 89 .78
_Eastern Final 1.2 £ 92 89 i 349
Local 1.05 . w97 88 .76
) Early - 1.00 1.00 95 .66
Southern Final 1.08 .99 94 .64 155°
Local 1.23 .98 94 .66
i Early 1.03 .96 88 , .74
30 Central Final 131 .84 89 .76 282
Local 1.1l .83 86 P 0 _
Ear.y 1.04 .98 92 .83 . S
_Western Final .96 1.02 88 74 148
. Local 1.09 95 . 87 8 R )
Early 1.05 .96 50 .79 .
¥ All Final 1.09 . .94 . 89 G .78 934"
Stations Local 1.09 .94 88 ':< .76
' Farly .11 793 TR
Eastern Final 1.24 .83 87 T4 . 353
Local 1.11 .92 88 il D
Early - .94 1.01 95 .76
Southern -  Final .82 1.03 93 .67 135
Local .65 1.05 91 s 52
Early 1.10 .84 87 12
42 Central Final 120 .70 87 Wil 240
Local 1.06 .92 86 +70
Early 1.13 «92 91 .81
Western Final 111 .93 91" .82 139
” Local 1.08 T .95 91 .82
Early 1.10 .92 89 .79
All ' Final 1.19 .87 89 .77 867

Stations Local 1.06 .96 88 .76
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Table
and

(/%
local surface wind,

Ninety-four stations used for comparative verification of guidance
sky cover, ceiling, and visibility forecasts.

P
BTV
CON
BOS
PVD
BUF
SYR
ALRE
JFK
EWR
ERI
IPT
PIT
PHL
CLE
CMH
HTS
CRW
DCA
ORF
RDU
CLT
GSP
CAE
ATL
SAV
MIA
JAX
BHM
MOB
TYS
MEM
MEI
JAN
MSY
SHV

Sl

DFW
ABI
L3B
ELP
LIT
_FSM
TUL
OKC
ABQ

Portland, Maine
Burlington, Vermont
Concord, New Hampshire
Boston, Massachusetts
Providence, Rhode Island
Buffalo, New York
Syracuse, New York °
Albany, New York
New York (Kennedy),
Newark, New Jersay
FErie, Pennsylvania
Williamsport, Pennsylvania
Pittsburgh, Pennsylvania
Philadelphia, Pennsylvania
Cleveland, Ohio

Columbus, Ohio

Huntington, West Virginia
Charleston, West Virginia
Washington, D.C.

Norfolk, Virginia
Raleigh-Durham, North Carollna
Charlotte, North Carolina
Greenville, South Carolina
Columbia, South Carolina
Atlanta, Georgia

Savannah, Georgia

Miami, Florida

Jacksonville, Florida
Birmingham, Alabama

Mobile, Alabama

Knoxville, Tennessee

Memphis, Tennessee

Meridian, Mississippi
Jackson, Mississippi

New Orleans, Louisiana.
Shreveport, Louisiana
Houston, Texas

San Antonio, Texas
Dallas-Fort Worth, Texas
Abilene, Texas

Lubbock, Texas

El Paso, Texas

Little Rock Arkansas

Fort Smith, Arkansas

Tulsa, Oklahoma

Oklahoma City, Oklahkoma
Albuquerque, New Mexico

New York

GTF
TCC
APN
DTwW
SEN
IND
LEX
SDF
MSN
MKE
ORD
SPI
STL
MCI
TGP
DDC
DEN
GJT
SHR
CYS

BIS

FAR

FSD
BFF
OMA
MSP
DSM
BRL
INL
FLG
PHX
CDC
SLC
LAS
RNO
SAN
LAX
FAT
SFO
PDX
PDT
SEA
GEG
BOI
PIH
MSO

Great Falls, Montana
Tucumcari, Mew Mexico
Alpena, Michigan

Detroit, Michigan

South Bend, Indiana
Indianapolis, Indiada
Lexington, Kentucky
Louisville, Kentucky
Madison, Wisconsin
Milwaukee, Wisconsin
Chicago (0'Hare), Illinois
Springfield, Illinois

St. Louis, Missouri
Kansas City, Missouri
Topeka, Kansas

Dodge City, Kansas
Denver, Colorado

Grand Junction, Colorado
Sheridan, Wyoming
Cheyenne, Wyoming
Bismarck, North Dakota
Fargo, North Dakota

Rapid City, South Dakota
Sioux Falls, South Dakota
Scottsbluff Nebraska :
Omaha, Nebraska
Minneapolis, Minnesota |
Des Moines, Iowa
Burlingtonj Iowa
International Falls, Minnesota
Flagstaff, Arizona
Phoenix, Arizona

Cedar City, Utah

Salt Lake City, Utah

Las Vagas, Nevada

Reno, Nevada

San Diego, California

Los Angeles, California
Fresno, California

San Francisco, California
Portland, Oregon
Pendleton, Oregon

Seattle (Tacoma), Washington
Spokane, Washington
Boise, Idaho

Pocatello, Idaho
Missoula, Montana
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30-h Forecasts

Contingency tables for early and final guidance and local surface wind speed forecasts for

94 stations, 0000 GMT cycle.

18-k Forecasts

Table 4.3.
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Table 5.1 Definitions of the categories
used for guidance forecasts of cloud
amount.

Cloud Amount
Category (Opaque Sky Cover
; in tenths)
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Table 6.1.

forecasts of ceiling and visibility.

Definitions of the categories used for guidance

Category Ceiling (ft) Visibility (mi)
1 < 200 < 1/2
2 200-400 1/2 - 7/8
3 500-900 1-21/2
4 1000-2900 3-4
5 3000-7500 5-6
6 > 7500 > 6
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Table 6.2 Comparative verification of early and final guidance, persistance, and
local ceiling forecasts for 94 stations, 0000 GMT cyele.

P

Biszs Ly Citcoory B bidhe
Frojection Type of - Turcoent 8411
{b) Forecast 1 2 3 4 5 ) Correct Score
Early 71 .99 1.01 1.03 1.04 .99 62.7 . 3590
Final .75 .97 1.04 ~ 1.05 1.02 .99 66,1 446
12 Local .35 .94 .85 1.17 1.07 .98 73.0 .560
Persistence . 89 . 89 .83 1.00 .99 1.03 75.6 .593
No. Obs. 294 548 300 1943 1712 7705
Local .32 .58 .79 1.20 1.16 .99 66.4 L443
15 Persistence | 1.17 .81 .84 .97 1.02 1.03} 66.4 .435
No. Obs. 222 666 892 2017 1687 7949
Early .52 .98 1.00 1.07 1,05 .98 1 63.4 .375
Final 48 .89 1.03 1.08 1.06 971 63.8 . 383
18 Persistence | 2.73 1.17 .92 .91 1.08 .98 61.7 . 347
No. Obs. 102 481 833 2191 1651 8275
Local .18 .33 .70 1.21 1.25 .96 | 65.1 .376
21 Persistence | 4.34 lL.44 1.10 1.02 .96 - .95 1 59.3 285
No. Obs. 62 380 683 1917 1816 8587
A _ !
Early .38  1.05 .84 1.12 .97 . 1.00 | 65.7 374
24 Final ¥ .97 .95 .18 1.062 .97 64.6 .365
FPersistence 2.60 1.42 1.20 1.14 .90 .94 56.4 . 239
No. Obs. 107 397 640 1752 1980, 8680 '
Early .35 .94 .79 1.11  1.04 ' 1.02 | 57.4 .299
36 Final .69 1.16 .92 1.42 1.10 881 534.4 .293
Persistence .94 .93 .82 .98 .99 1.04 § 48.5 .148
No. Obs, 297 604 935 2035 1801 7866
Early .23 .95 .82 1.05 .94 1.03 61.8 . 285
48 Final .24 91 .87 1.19 1.15 .95 60.3 .291
Persistence | 2.93 1.44 1.19 1.15 .91 .94 1 47.9 .087
No. Obs. 95 360 643 1738 1956 8713 ,
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Table 6.3 Same as Table 6.2 except for visibility.

Pizs u\_- Coterovy S
Frojection Type of - Percent | Shill
(h) Forecast 1 Z 3 4 5 6 Correct Score
Early .91 1.27 .89 1.09 .83 1.01 69.4 . . 295
Final .74 1.10 1.01 1,12 .84 1.01 71.2 . 339
12 Local <54 1.30 .76 1.34 1.31 .97 74.8 449
Persistence | .73 .89 .79 .82 1.01 1.05 78.6 486
No. Obs. 351 213 873 976 929 9334
Local .36 .61 iy 1.21 1.09 1.08 69.6 . 317
15 Persistence | +95 .65 .57 .89 .85 1.10 70.2 . 317
No. Obs. 279 284 1232 910 1103 9125
Early .70 .85 .82 1.15 .89 1.03 71.7 276
Final 47 .84 .85 1.18 .80 1.03 72.7 .293
18 Persistence | 2.04 .78 .75 1.14 .92 1.01 70.6 . 260
No. Obs. 135 255 982 723 1061 10072
Local .17 .33 AN 1.32 1.13 1.03 76.0 . 260
21 Persistence | 3.51 .91 .90 1.34 1.09 - .96 71.1 . 211
No. Obs. 76 206 795. 601 872 10414 :
Early 79 1.06 .80  1.17 .77 1.02 | 76.6 . 267
24 Final <45 .99 .84 1.11 +° .91 -1.01 76.3 . 273
Persistence 2.76 1.20 1.04 1.25 1.13-° .95 70.6 .189
No. Obs. 100 166 710 661 . 858 10734 ‘
Early .45 .75 .86  1.05 86 1,05 |. 66.6 . 200
356 Final .80 .91 1.01 1.23 .97 .99 64,8 L213
Persistence .79 .38 .80 .81 .98 1.05 63.3 121
No. Obs. 349 226 924 1014 989 9726
- Early .23 .89 1.06 .94 .64 1,04 | 76.0 .213
48 Final 24 .72 .99 1.08 .77 1.02 75.3 . 208
Persistence | 2.76 1.21 1.05  1.29 1.14 .95 | 66.5 071
No. Obs. 100 165 700 641 854 10769
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Table 6.4 Same as Table 6.2 except for 1200 GMI cycle,

Bigs by Catosars el
Projaction Type of Percent Svill
(h) Forecast 1 2 3 4 5 b Correct Score
Early .62 .93 .96 1.06 .98 1.00 67.7 . 405
Final .64 <94 .98 1.00 .99 1.01 70.1 . 448
12 Loecal .30 .85 .91 1.26 .96 .98 76.5 .575
Persistence | .68 .96 1.05 1.13 .94 99 | 76,7 .576
No. Obs. 98 373 612 1694 1952 8510
l.ocal .23 .79 .96 1.26 G4 .99 70.6 471
15 Persistence .56 .88 .98 1.11 .96 1.00 68.7 433
No. Obs. 124 413 653 1721 1905 8477
Early .76 .95 .99 1.01 1.04 1.01 63.6 . 368
Final L.11 1.07 .91 .97 1.00 1.01 64.8 .385
18 Persistence .38 .76 .92 1.03 1.00 1.03 63.1 L 347
No. Obs. 190 491 736 1905 1894 8421
Local .21 .78 1.01 1.24 .95 .99 63.6 . 385
21 Persistence .28 .69 .83 .98 1.03 - 1.06 59,1 . 285
No. Obs. 241 526 768 1925 1774 7945
Early . 39 1.06 1.01 1.04 1.06 - .98.1 59.4 . 341
24 Final .66 1.23 .93 1.02° 1.12 - .97 60.0 .356
Persistence | .24 .61 .71 .97 1.047 1.09 [-55.5 . 240
No., Obs. 304 609 949 2036 . 1813 7971
Early L3460 1,17 .95 1.00 .93 1.02 § 63.2 .318
36 Final .33 1.17 1.07 1.12 1.13 .94 61.7 .322
Persistence .76 .90 1.04 1.13 .96 .99 52.4 .133
No., Obs. 98 415 648 1747 1969 3803
Early A3 1.01 .92 .90 1.09 1.04 56.0 271
48 Final .52 1.10 1.06 1.00 1.28 .94 54,3 .273
Persistence | 24 .60 .71 .87 1.05 1.09 47.2 .098
No. Obs. 304 627 944 2023 1810 7973
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Table 6.5

Same as Table 6.3 except for 1200 GMT cycle.

Dise by Catevory Hoiadig
Frojection Type of - Percent | Skill
&) Forecast 1 2 3 & 5 & Correct Score
Early .38 .92 .87 .88 .84 1.041| 78.5 .| .298
Final .39 .91 .89 .95 .87 1.03| 79.9 .355
12 Local .45 1.06 .73 1.48 1.35 .96 | 81.3 . 465
Persistence | .86 1.30 1.13 .90 1.15 .98 | 83.3 .507
No. Obs. 93 158 657 634 813 10305
Local 48 1.39 .87  1.69 1.32 .94 | 77.9 .367
15 Parsistence .74 1.80 1.24 .91 1.20 .97 79.1 .370
No. Obs. 105 110 607 634 787 10501
Early .79 1.15 .98 .91 .79 1.03] 75.8 . 269
Final 61 1.20 .98 .93 .93 1.02| 75.8 . 285
18 Persistence| .47 1.43 1.18 .82 1.12  .99| 75.3 .297
No. Obs. 178 149 671 754 878 10607
Local .39 1.31  1.06  1.79 1.12 .93} 70.5 . 288
21 Persistence] .32 1.15 1.06 .73 1,08 1.03] 72.2 .235
No. Obs. 244 173 705 775 866 9856
Early .78 1.22 1.12 .91 .93 1.01]| 67.1 .252
” Final .85 1.07 1.13 .90 1.05. 1.00 | 67.1 .261
Persistence | <24 .91 .86 61 .98  1.09 | 67.1 177
No. Obs. 353 236 932 1012 995 9756 :
Early 42 .91 1.14 .89 .74 1.02.| 75.6 22,
16 Final .25 .95  1.24  1.07 .91  1.00| 74.4 .228
Persistence | .82 1.24 1.14  -.95 1.14 .98 | 70.5 .136
No. Obs. 102 174 701 651 857 10797
" Early 48 .93 1.03 .93 .98 1.03] 66.3 .205
48 Final 49 1.21  1.08 .99 1.04 1.00| 65.2 .202
Persistence 24 .98 .85 .61 1.02 1,08 63.0 071
No. Obs. 355 219 935 1002 962 9807
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Table 6.6 Compérative verification of early and final guidance, persistance
and local ceiling forecasts for 94 stations, D000 GMT ecycle. Scores are
computed from two-category contingency tables.

Rel Fregq Bias Heidke

Projection | Type of Cats. l&2 | Cats., 1&2 | Percent Skill Threat
Forecast combined combined Correct Score Score

Early . 899 81.6 . 300 . 208

Final . 900 93.1 426 . 301

12 Local .068 .815 95.1 . 580 A3
Persistence .892 95.4 .619 474

Local o .516 93,9 . 364 . 244

15 Persistence - 066 .902 93.4 443 . 314
Early . 399 94,2 . 266 174

18 Final 043 .820 94.7 .291 .189
Persisteance 1.44 92.7 . 272 .183

Local 033 . 308 96.4 .157 L0983

21 Persistence | 1.851 92.6 .178 .119
Early .908 94,9 L2586 .165

24 Final . 037 . 865 94,7 . 215 .138
Persistence 1.668 92.2 173 173

Early 746 91.1 .188 .132

36 Finmal L067 4 1.002 90.0 .198 144
Persgistence .933 89.6 133 -} - 104

Early . 806 94,9 179 1 .115

48 Final .036 777 " 94,8 164 - L1065
Persistence 1.734 91.1" " 2050 | .049
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Table 6.7 Same as Table

6.6 except for visibility,

Rel Freq Bias Heidke

Projection j Type of Cats. 1l&2 | Cats. l&2 | Percént Skill Threat
Forecast combined combined Correct Score Score

Early 1.046 3.3 ,228 .152

Final 874 94.6 .330 L218

12 Local . 044 .828 96,1 . 504 . 355
Persistence . 791 96.4 .5336 . 384

Local . 485 95.6 .293 .186

15 Persistence - 044 .801 94.6 ,284 .185
Early 797 95.6 “.140 .089

18 Final .029 . 709 96.0 178 .110
Parsistence 1.217 94.6 148 095

Local 022 . 287 97.6 .118 .068

21 Persistence : 1.610 95.0 . 095 L 064
Early . 959 96.7 .137 .083

24 Final . 020 .789 6.9 . 132 079
Persistence 1.786 95.0 . 087 .59

Early L5687 93.9 .082 .059

36 Fimal ,043 . 842 93.3 .132 .091
Persistence .826 93.1 .096 070

Early 642 97.0 . .059 .038

48 Final . 020 . 540 97.1 + L 050 .033
Persistence 1.792 94.7 | .024 025
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Table 6.8 Same as Table 6.6 except for 1200 GMT cycle.,

Rel Freq Bias Heidke
Projection | Type of Cats. 1&2 | Cats. 1&2 | Percent Skill Threat
Forecast combined combined Correct Score Score
Farly . 864 95.4 .285 .182
Final . 879 96.3 L432 . 291
12 Local .036 .738 97.2 .537 . 380
Persistence . 900 87.3 . 589 431
Local 040 .663 96.3 L 432 .290
15 Persistence ' . 806 95.9 416 .280
Early 1.246 93.3 . 260 .173
18 Final .050 1.082 93.2 . 305 . 206
Persistence .653 94.3 .279 .182
Local 058 604 93.7 . 289 .191
21 Persistence ' . 558 93,2 222 .146
Early L 904 91.0¢ L 244 L1731
24 Final .067 1.043 90.5 .255 .18C
Persistence 431 91.7 131 092
Farly 1.014 94,3 .212 .138
36 Final .038 1.007 94,2 .203 .132
Persistence 873 93,6 .063 050
Early .823 90,3 | .168 | 123
48 Final .068 .914 90.1 186 .136
Persistence . 481 90.8? L042 044
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Table 6.9 Same as Table 6,7 except for 1200 GMT cycle.

Rel Freq Bias He idke

Projection | Type of Cats, 1&2 | Cats. l&2 | Percent | Skill Threat
Forecast combined combined Correct Score Score

Early .721 97.2 L1171 .102

Final . 020 717 97.5 . 266 .162

12 Local .833 97.9 407 . 264
Persistence 1.139 98.0 .526 . 366

Local 017 L 944 97.7 . 280 171

15 Persistence ' 1.284 97.4 . 305 . 189
Early . 954 96.1 .168 . 104

18 Final .025 .878 96.3 193 .118
Persistence . 905 96.3 .193 L118

Local 662 95,5 .208 . 130

21 Persistence - 033 767 95.3 .115 074
Farly . 961 83.1 L1735 .118

24 Final . 044 . 937 93.1 162 110
Persistence . 508 94.1 .092 063

Early . 728 96.8: .102 .062

36 Final .021 . 692 %96.7 - .057 :038
Persistence 1.083 6.0 . 049 L 036

Early .652 +93.7 . 085 - 062

48 Final .043 . 767 93.4 - .096 L0770
Persistence .521 93.7 . .017 023
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Table 6.10 Heidke skill score for ceiling categories 1 and 2 combined
for the comparative verification of early and final guidance, peristence,
and local forecasts for 94 stations, 0000 GMT cycle.

- Year
Projection | Type of .
() Forecest 1675/76 1976/77 1977/78 1978/79
Early <317 .352 . 300
Final .368 .226 L4331 426
12 Local .540 L 452 .566 .580
Persistence| 607 .529 L607 .619
No. Cases 13915 4199 14030 13152
Local . .320 .363 . 364
15 . Persiscence| .242 L4221 443
No. Cases 14984 14993 13433
Early .190 .224 .266
18 Final <144 L2468 L216 .291
Persistencej .239 .123 262 272
No. Caseas 14009 4227 14202 13533
Local .166 .053 ©oL121 L157
21 Persistence| .167 .086 L176 .178
Ne. Cases 14879 4279 143983 - 13445
Early . 166 182 0 . .252
24 Final .043 B K2 I .188- - .215
Persistence| .131 .050 .149 173
No. Cases | 14052 4224 14203 13536
; _ Early : L2135 -188
Final .187 .235 - .198
36 . ' 127 <133
Persistence . 054 .
No. Cases 4227 4971 13538
2 Early C.202 - 179
L8 Final .132 .195 L1164
Persistence L0336 .099 .050
No. Cases 4224 4973 13535
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TOjeclion Tvpe © ]
(0} Forecast il%?S/?t 1876/77 1577/78 1978/ 79
e R N
zariy e .25 L2928
Finsal L 260 217 L3485 . 330
1z Local L4983 467 .52¢ .504
Persistence 541 49¢ .570 .536
No. Cases 14142 4200 11810 12676
l.ocal .295 . 194 L3072 . 293
15 Persistence .331 L1923 L334 L284
No.Cases 15322 4282 172633 12933
Early .136 .218 . 140
18 Final .126 148 .207 .178
Persistence L1584 .113 -215 146
No. Cases 14217 4226 11959 13228
TLocal L1317 .051 .166 .118
21 Persistence 107 .090 114 .095
No. Cases 15312 4274 12607 12964
Early .138 .147 .137
21 Final .000 L127 L1157 . .132
. ‘Persistence .108 .056; . L1300 087
No. Cases 14230 4225 11859 13229
Early L .109 . 082
36 Final L0746 158 .132
Persistence L045 .0%S .096
No. Cases 4226 4182 13228
Early L142 ., 059
L8 Final .048 094 . 050
Persistenoce .018 .051 .024
No. Cases 4225 4182 13229
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Table 6.12 Same as Table 6.10 except for the 1200 GMT cycle.

Frojection Type of - o
() Forecast 1975/7¢ 1976/77 1677 /76 1978/79
T | Eariy i £5 B .285
Final 301 251 ; 357 <432
12 Local 472 420 4LE7 «237
Persistence| .520 .387 578 431
No. Cases 13486 4217 16228 13238
Local 387 . 343 390 432
15 Persistence{ .344 L2469 423 416
No. Cases 14779 3232 14675 13293
Early L B15 250 .260
Persistence| .274 . 215 «353 .279
No. Cases 13632 4269 14454 13637
Local =237 .270 306 .289
21 Persistence| .195 «143 «229 <222
No. Cases 14786 4216 14672 13179
Early 407 2372 . 244
24 Final . .100 .253 <298 = 255
Persistence| .126 .106° 176, +131
No. Cases 13723 4269 . 14452 13682
Early ‘ 213 .212
Persistence -.002 .054 . 063
No. Cases 4266 5157 13680
Early -204 -168
- 48 Final +71.53 +195 -186
5 Persistence <002 . ..070 - 042
No. Cases " 4269 5755 13681
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Table 6.13. Same as Table 6.11 except for the 1200 GMT cycle.

- -

t LN

rrojection Type o1
; (n) Foreczst 1675/76 1876/ 77 1977 /7¢ 1978/79
i : ;
: Early Ll o L2053 L171
Final .087 .10¢ L260 . 266
12 Local 452 L 367 457 407
l Persistence]| .441 4G4 L4632 . 526
g Nec. Cases 13783 423? 12026 12660
$
; Local L340 257 .323 . 280
15 Persistence| .263 .317 . 309 . 305
No. Cases 15151 3234 12393 12744
Early B .094 .137 . 168
18 Final .070 131 .148 .193
Persistence| .152 -121 .221 .193
No. Cases 13895 4278 12212 13237
i
F Local .206 L169 . 0 .220 .208
Y 21 Persistence| .121 .088% 133 L1153

g No. Cases 15127 4223 12353 12619

pa— g
N

Early L1983 - .175
2L Final .087 ' L2000 L1862
Persistence|{ .071 i " .087 .092
No. Cases {13897 ‘ S 12212 13281
Early . .139 . 102
36 Final 074 .093 057
Persistence .022 054 049
No. Cases 4277 4345 13282
Early ' ©o.152 .085
48 Final ) .024 L1239 . 096
"Persistenoce 011 ) .032 .0Ll7
No. Cases 4278 4345 13280

‘ ) | ‘
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Table 6.14. Bias for ceiling categories 1 and 2 combined for the comparative
verification of early and final guidance, persistence, and local forecasts
for 94 stations, 0000 GMT evcle.

Yoar
Trojectioen Type of R —
() Forecast 1575/76 1976/77 1677/786 1978/79
Early _ .79 .89 .90
Final .56 .37 _ B4 .90
12 Local .76 .67 .88 .82
Persistence .82 .81 .81 .89
Local .54 .55 .52
15 Persistence .85 .86 .90
Early ‘ 1.26 .85 .90
18 Final .20 1.00 .78 .82
Persistence] 1.66 1.73 1.52 1.44
|
Local .35 17 ’ .38 .31
21 Persistence| 2.27 2.22 1.8 ~ 1.85
Early 1.00 .75 0 L9
24 Final .10 73 .75 . 87
Persistence 2.09 1.99 -+ 1.72 : 1.67
Early .U U89 .75
36 Final .89 .72 1.00
Persistence .80 .97 .93
4
Early - .66 .81
48 Final - 1.16 .71 .78
FPersistence 1.77 2.06 1.73

a7



Table 6.,15. Same as Table 6.14 except for visibility.

i rrotecilo Tvpe O
(h3 Forecas E‘L?if?é 1556/7 TRTTSVE 1978/79
| Tariv . 8§ L83 1.05
: Finzl LG .75 L8 . 87
12 Local 7€ .76 ’ BT .83
Persisteance .76 .69 LBl .79
!
: Local .51 .38 L4 .49
15 Persistence .90 .66 .76 .80
]
Early 1.20 LT .80
18 Final .14 .85 .68 71
FPersistence] 1.60 1.08 1.24 1.22
: Local .28 .37 .32 .29
g 21 Persistence| 2.00 1.29. 1.66 1.61
Early _ 1.35 ° .83 -98r
f. 2t Final .00 1.26 .69, . .79
‘ Persistence|{ 2.18 .29 1.91 .- 1.79
Early ‘ B 49 W57
36 Final L4500 74 . 84
Persistence .YQ o .90 .83
; . Early - .83 64
: 48 Final - L.21 .58 .54
Persistence 1.14 1.87 1.79
-
58



Table 6.16. Same as Table 6.14 except for the 1200 GMT cycle.

e e e e
I
{
H
'
H
!
|
l
y

E Years
‘ rojectior Type of e e e e e
(n) Torwcast 1875776 1976/77 1L37 /7t 1978/79
Early 1.00 77 .86
Final .66k .21 .83 .88
3 12 Local .68 .67 -850 b
Persistence .91 .94 .73 .90
A
Local 62 .58 .68 .66
15 Persistence .73 .7k .78 .81
Farly : 1.24 .86 1.25
18 Final .28 1.06 1.04 1.08
Persistence .60 .63 .65 .65
Local .50 .54 .60 . 60
21 Persistence 45 .51 .52 .56
Early .77 . .86 090
24 Tinal .17 .84 .96 . 1.04
‘ Persistence .36 .39 Jv .46 43
Early © 1.06 1.01
36 Final 1.57 . \ .72 1.01
Persistence ' .89 © .82 . 87
. Early : . .58 .82
: 48 Final - .92 .60 .91
Persistence .39 47 .48
58



Table 6.17, Same as Table 6.15 except for the 1200 GMT cycle.

Trojeciion Type of : N
{n) FTolecast 1375/ 7¢ 1576/77 1GTTSTE 1978/79
Early ‘ .53 70 .72
Final 28 .60 .6l .71
12 Local .70 L7 1.16 .83
Fersistence! 1,060 1.04 N 1.14
: Local 77 .74 . B0 .94
i 15 Persistence! 1.08 1.21 1.06 1.28
Early . 1.22 .65 .95
18 Final .15 . B4 .72 .88
Persistence .72 1.08 .82 .91
Local .56 .55 .67 .56
21 Persistence .51 . .82 .62 77
=
Eatly ' ' .83 . .96
24 Final .10 : .86 L .94
Persistence .38 ' . .49 : .51
Early . .66 .73
Final 1.00 - .49 .69
36 : 95 - 1.07 1.08
Persistence . .
Earl}’ . R . : . .65 '??
48 Final .93 .56 '52
Persistence .58 -39 ’
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PROBABILITY OF PRECIPITATION
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Figure 2.1 Percent improvement in Brier score over climatology of local and
final guidance PoP forecasts.
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SKILL 5L ORE

FROZEN PRECIPITATION
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Figure 3.1. The skill scores for guidance and local forecasts of frozen
precipitation.
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SURFACE WIND DIRECTION
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Figure 4.1. Mean absolute errors for subjective local and objective guidance
(early and final) surface wind direction forecasts for approximately 90
U.S. stations. -
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SURFACE WIND SPEED
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Figure 4.2.

OCTOBER-MARCH

Same as Fig. 4.1 except for wind speed forecasts.
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SKILL SCORE
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Figure 4.3. Skill scores computed from five category contingency tables
for subjective local and objective guidance (early and final) surface
wind speed forecasts for approximately 90 U.S. stations.
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SURFACE WIND SPEED
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Figure 4.4. Same as Fig. 4.3 except for two-category contingency tables.
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PERCENT CORRECT
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Figure 5.1. Percent correct for local and guidance cloud amount forecasts.
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SKILL SCORE
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Figure 5.2. Skill score for local and guidance cloud amount forecasts.
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CATEGORY 1BIAS
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Figure 5.3.

category 1.

OCTOBER-MARCH

Bias of the local and guidance cloud amount forecasts of
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CATEGURY 2 BIAS
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Figure 5.4, Same as Fig. 5.3 except for category 2 bias.
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SKILL SCORE

CEILING
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Figure 6.1. Skill score computed from two-category contingency tables for

guidance, locals, and persistence ceiling forecasts for 94 stations, 0000
GMT cycle.
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SKILL SCORE
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Figure 6.2. Same as Fig. 6.1.
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SKILL SCORE

VISIBILITY
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Figure 6.3 Same as Fig.

OCTOBER-MARCH

6.1 except for visibility forecasts.
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VISIBILITY
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Figure 6.4. Same as Fig. 6.3.
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BIAS
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Figure 6.5. Bias for categories 1 and 2 combined for guidance, local, and

persistence ceiling forecasts for 94 stations, 0000 GMT cycle.
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BIAS
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Figure 6.6. Same as Fig. 6.5.
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BIAS
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Z0 ® 0000 GMT RUN
® ~ 90 U.S. STATIONS

1.8 ~

1.6

1.2 =

15-HR A

PERSISTENCE "\

0.8 |-
LQCAL

0.6 — 15-HR

LOCAL
0.4 |- e ‘X"/
0.2 =
0.0 | | ] |

1975-76 1976-77 .1977-78 1978-79
COOL SEASON OCTOBER-MARCH

Figure 6.7. Same as Fig. 6.5 except for visibility forecasts.
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VISIBILITY
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Figure 6.8.

Same as Fig. 6.7.
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MAX TEMPERATURE
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Figure 7.1. Mean absolute errors of the local and the objective temperature
forecasts. 84



MEAN ABSOLUTE ERRORS (°F)
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Figure 7.2. Same as Fig. 7.1 except for the min temperature forecasts.
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